The Drosophila bric A brac protein and the transcriptional regulators encoded by tramt and BroadComplex contain a highly conserved domain of =115 amino acids, which we have cafled the BTB domain. We have identifed six additonal Drosophila genes that encode this domain. Five of these genes are developmentally regulated, and one of them appears to be functionally related to bric a brac. The BTB domain defines a gene family with an estimated 40 members in Drosophila. This domain is found primarily at the N terminus of zinc finger proteins and is evolutionarily conserved from Drosophia to mammals.
proximal-distal axis of the leg and antenna (1) . Mutations in bab cause homeotic transformation and fusion of tarsal segments. The graded expression pattern in tarsal primordia, together with analysis of bab mutants, suggest that the concentration of the nuclear bab protein determines tarsal segment specification. In addition, bab is required during morphogenesis of the ovary (D.G., unpublished data).
bab contains a motif of -115 amino acids also found in the zinc finger proteins encoded by the Drosophila genes tramtrack [ttk (2)1 and Broad-Complex [BR-C (3)]. The ttk protein binds transcriptional regulatory elements of the segmentation genes fushi tarazu and even-skipped. It is required during embryogenesis, presumably to repress inappropriate transcription ofthese genes, and possibly other segmentation genes, including odd-skipped, hairy, and runt (4) (5) (6) (7) . ttk is also required during cell fate determination in the eye (8) . BR-C is an early response locus in the ecdysone-induced regulatory cascade that initiates metamorphosis, and its products are thought to activate downstream regulatory genes (3) . The transcripts of both ttk and BR-C are alternatively spliced, producing proteins in which the motif they have in common with bab is at the N terminus, fused to different sets of zinc fingers near the C terminus (3, 7) . We have called this motif the BTB domain, for BR-C, Itk, and kab (1) .
In this study, we used PCR to search for additional BTB domain-encoding genes in Drosophila. We have identified and characterized six additional members of this family.ll Five of them are transcribed in spatially and temporally regulated patterns, suggesting that these genes have specific and distinct functions during development. We units of AmpliTaq DNA polymerase, in 100 pl. In one experiment, conditions were as follows: initial denaturation, 950C for 5 min; followed by cycles of denaturation, 950C for 1 min; annealing, 550C for 2 min; and extension, 720C for 2 min. In another experiment, annealing was done at 550C, 460C, or 370C for the first three cycles and subsequently at 550C to allow for imperfect matches between templates and primers. Cycles were repeated -30 times. The PCR products were digested with HindIII and EcoRI, gel-purified, and subcloned into M13mpl8 for sequencing. From all PCR reactions described above, a total of 144 independent subclones was sequenced.
To obtain DNA encoding full-length BTB domains, the PCR products were used to probe a genomic library (Stratagene Drosophila genomic library made from Canton-S embryos, in the A FIX II vector) at high stringency. SubfragAbbreviation: CNS, central nervous system. lThe sequences encoding the proteins reported in this paper have been deposited in the GenBank data base (accession nos. U14399-U14404).
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Sequence analyses were done with programs from the Genetics Computer Group package (9), using default settings in all cases. Sequence searches were performed at the National Center for Biotechnology Information using the BLAST network service.
In situ hybridization to polytene chromosomes and to whole-mount embryos was done as described in Additional members of the BTB domain family were identified using PCR with degenerate primers based on two sequences that are completely conserved in the BTB domains of bab, ttk, and BR-C. Of the 144 PCR products sequenced, 84 encoded BTB domains, including those of BR-C and ttk, but not that of bab, indicating that the screen was not saturating. Six additional BTB domains were identified and are called BTB-II, -III, -IV, -V, -VI, and -VII. The full-length BTB domain sequences were then obtained after isolating the corresponding genomic clones (Fig. 2) .
The BTB domain is highly conserved among ttk, BR-C, bab, and BTB-II to -VII. Amino acid identities range from 41% between BTB-III and -VI to 77% between bab and BTB-II, with an average identity of 53%. Several BTB domain-encoding sequences, including that of ttk, appear to contain introns. The BTB-IV to -VII sequences presented in Fig. 2 are those predicted after putative introns are removed, according to the consensus splice sites present. In all cases except the first putative intron of BTB-V, failure to splice the intron would result in translation termination, a frame-shift relative to the BTB consensus, or both. Splicing within BTB domain-encoding sequences appears to be common, and it is possible that alternative splicing, in which downstream exons produce BTB domain variants, may also occur.
Embryonic Expression and Chromosomal Loalization of
BTB-H to -VII. BTB-H (map position 61F 1-2). The BTB-II transcript is mostly, but not exclusively, expressed in specific portions of the mesoderm and its derivatives. It is present at high levels in the primordia of the visceral muscles of the foregut, hindgut, midgut, and dorsal vessel and is present at lower levels in the somatic muscles (Fig. 3 A, B , and D). The transcript was not detected in other mesodermal structures, such as the fat body and the somatic portion of the gonads. There is also transient expression in the ventral epidermis (stages 11 and 12; Fig. 3C ), in specific portions of the ectodermal and endodermal gut rudiments, as well as in some structures in the head and tail of the embryo (Fig. 3D) .
BTB-II appears to be functionally related to bab. They map to the same cytological position, and their BTB domains are, by far, the most similar of those identified. BTB-II is expressed in all tissues that express bab, including specific somatic cells of the ovary (D.G., unpublished data) and a subdistal domain in the epithelium of leg and antenna imaginal discs ( Fig. 3E; ref. 1 ). In addition, BTB-II is expressed in tissues where bab RNA was not detected, such as the embryo and the adepithelial tissue of imaginal discs (Fig. 3 A-E).
BTB-III (map position 60F). Expression starts at stage 4, with a distribution of transcript between 10%1 and 60% egg length, excluding the anlage of the mesoderm (Fig. 3F ). This distribution resolves first into two (syncytial blastoderm) and later five (cellular blastoderm) transverse stripes (Fig. 3G) , which disappear at the onset of gastrulation. In addition, a wedge-shaped dorsal expression domain (50-90% egg length) appears in the syncytial blastoderm and becomes confined to the procephalic region after gastrulation (Fig. 3H) , where it persists during germ band extension. From the late extended germ band stage onward, the transcript is associated with the developing nervous system. RNA can be detected in the midline (stages 11-13; Fig. 31 SD H A 0 P Smo AMQ C sNSD1A P C, The first predicted intron in BTB-V is between positions 43 and.44; if it is not spliced, the following in-frame insertion would result: VKYLDICIYTIVMKLIKFLIRKLQ. The second predicted intron site in BTB-V (between positions 97 and 98) contains a 5' splice sequence, followed by several termination codons. No 3' splice acceptor was found within >0.7 kb that would result in a continuation of the consensus sequence. BTB-VI contains a putative 72-nt intron between positions 40 and 41, and based on the presence ofa 5' splice sequence and subsequent divergence from the consensus, there may be a second intron after residue 107. A putative intron of 61 nt appears in BTB-VII between positions 54 and 55. The DNA sequences corresponding to BTB-II to -VII, including the predicted introns, have been deposited in GenBank. In ttk, BR-C, GAGA, and E(var)3-93D, the BTB domain begins within 6 residues of the predicted N terminus. The other BTB domains are also predicted to be very close to their N termini, except for kelch, where it is predicted to start at residue 129; this has not been determined for bab (1) . For BTB-IV, -V, -VI, and -VII, a methionine is predicted within seven residues ofthe domain start. These methionines are all preceded by sequences that satisfy the Drosophila translational start site consensus (12).
14-16), and the central nervous system (CNS; from stage 12 onward), where it is expressed in a dynamic pattern associated with specific subsets of neural cells (Fig. 3 J and K) . The BTB-III RNA distribution pattern is very similar to that ofthe Drosophila Tkr gene, which encodes a tyrosine kinase-related protein and also maps to position 60F (13) . The published sequence of Tkr does not, however, encode a BTB domain, and one of the BTB-III probes that was used encodes little more than the BTB domain, suggesting that these are different genes.
BTB-IV (map position 47A). The BTB-IV transcript is maternally provided and is present throughout the syncytial and cellular blastoderm, except in the pole cells. During gastrulation, the RNA level drops significantly in the posterior and anterior midgut primordia, where it is no longer detected after stages 8 and 9, respectively. The RNA persists in the mesoderm and ectoderm at a gradually decreasing level throughout germ band extension (until stage 10), and expression becomes restricted to the neural primordium (stage 11). High levels of transcript are associated with neuroblasts and later with the ganglion mother cells and neurons of the developing CNS (Fig. 3 M and N) . BTB-IV is also expressed in the precursors of the peripheral nervous system (stages 11-13; Fig. 30 ) and in precursors of the stomatogastric nervous system (stage 12). From stage 13 onward, staining is restricted to the CNS (Fig. 3P) .
BTB-V (map position 47A). BTB-V has a strong maternal component in the early embryo. The transcript is ubiquitous throughout embryogenesis, present at high levels until gastrulation and at lower levels afterward (data not shown).
BTB-VI maps to position 91AB, and BTB-VII maps to position 63BC. Their transcripts were not detected during embryogenesis; however, BTB-VI is expressed during imaginal development in portions of the CNS such as the optic lobes, as well as during oogenesis, in the centripetally migrating follicle cells of stage 2). These include the zinc finger-encoding genes BCL-6, also known as LAZ3, a putative protooncogene whose disruption is associated with a human lymphoma (14, 15) , human ZNF145 (formerly PLZF), which was altered by a chromosomal translocation associated with a promyelocytic leukemia (16) , human ZFPJS, which encodes a transcription factor that regulates the major histocompatibility complex II promoter (GenBank accession no. L16896), human ZNF46 (formerly KUP), whose function is unknown (17) , murine ZF5, which represses transcription from the c-myc and thymidine kinase promoters (18) , the Drosophila GAGA transcription factor, which activates transcription of several genes, including engrailed, Ultrabithorax, fushi tarazu, even-skipped, and Krfippel (19); as well as several genes that do not encode zinc fingers, including Drosophila enhancer of position-effect variegation E(var)3-93D (20) , Drosophila kelch, which enProc. Natl. Acad Sci. USA 91 (1994) Proc. Natl. Acad. Sci. USA 91 (1994) 10721 codes a cytoplasmic protein required for the formation ofring canals in developing egg chambers (21) , and a related group of poxvirus genes, including vaccinia virus A55R (22) , myxoma virus T8 (23) , and swinepox virus C4L (24) . For all of these genes except kelch, the BTB domain is located very close to the predicted N terminus.
Within the BTB-domain family, one particularly conserved subgroup is apparent, the "ttk group," that includes BR-C, bab, BTB-II to -VII, the GAGA factor, and E(var)3-93D, as well as ttk, the first of these to be identified. The ttk group aligns with just one gap (position 70 to 71) and contains several highly conserved sequences, such as the first 10 residues, that are not found in the other BTB domains. The average identity within the ttk group is 49%, compared with an average identity of 24% between the ttk group and the other BTB domains. The average identity among the other BTB domains is 29%6. These relationships are probably not simply due to differences among species. Although the members of the ttk group are all from Drosophila, this group does not include Drosophila kelch; in addition, the mammalian BTB domains identified so far do not form a closely related group. There are several positions in the BTB domain at which there is one consensus for the ttk group and another for the other BTB domains; for example, the ttk group has a conserved Val-28, whereas the others have a conserved cysteine. This does not necessarily define these other BTB domains as a distinct group. The consensus in these BTB domains may represent the predominant motif in the family. The progenitor of the ttk group might have varied from this consensus at several positions, and this would have been amplified as the progenitor underwent the numerous duplications that formed the ttk group. Although the predominance of the ttk group within the family may be due, in part, to the bias of our PCR screen, five of these genes were identified independently. As more BTB domains are identified, other distinct subgroups may become apparent, and it will be interesting to determine the functional significance of the diversity within this family.
The BTB domain defines a large family whose members function in a variety of biological processes. Its frequent association with putative transcriptional regulators that contain zinc finger motifs suggests a role in transcriptional regulation. Because the zinc finger is itself a DNA-binding motif, it seems unlikely that the BTB domain directly binds DNA; however, it may be involved in modulation of DNA binding. It may mediate protein-protein interaction, perhaps in multimerization with other BTB domains or with another protein or family of proteins. One possibility is a role in transcriptional regulation involving the alteration of chromatin condensation. Several transcriptional regulators are thought to function this way (25) , and some of the BTBdomain proteins have been implicated as modulators of chromatin structure. E(var)3-93D codes for chromatinassociated proteins thought to contribute to the establishment or maintainance of an open, and thus transcriptionally accessible, chromatin conformation (20) . The GAGA factor acts as an antirepressor of histone Hi-mediated repression of transcription from the Krdppel promoter and may also be required for an open chromatin conformation (26) . It also maps to the same position as gene 62, an enhancer of position-effect variegation (20) . In addition, the leg phenotype of bab mutants is very similar to that of some Polycombgroup mutants (27) , and Polycomb-group proteins are thought to regulate transcription by inducing local heterochromatinization within the regulatory regions oftarget genes (28) 
